Human papillomavirus (HPV) is a common sexually transmitted infection in the United States associated with nearly 26,000 cases of cancer annually. With the recent addition of Gardasil 9, three vaccines are now licensed by the Food and Drug Administration (FDA) and recommended by the Advisory Committee on Immunization Practices (ACIP) for HPV prevention. While providers are the preferred source in educating individuals on HPV and HPV vaccination, low uptake percentages indicate that providers are missing valuable opportunities to educate and strongly recommend HPV vaccination. It is critical to examine perceived barriers and attitudes among providers related to HPV and HPV vaccination to identify factors that influence vaccination coverage. This paper aims to expand provider knowledge and awareness of factors that may facilitate an increase in HPV vaccination coverage and subsequent cancer prevention.
Introduction
Human papillomavirus (HPV) currently infects 79 million Americans with 14 million newly infected each year and is the most common sexually transmitted infection in the United States (US) [1] . While most adults who are sexually active will become infected at some point in their lives, fifty percent of new infections occur among 15-24-year-olds [1] .
Each year over 600,000 cases of cancer worldwide and 26,900 new cases of anal, cervical, oropharyngeal, penile, vaginal, and vulvar cancer in the US are attributed to HPV with cervical and oropharyngeal cancers being the most common causes of HPV-associated deaths [2, 3] . The prevalence rate of HPV-associated oropharyngeal cancers has increased from 16.3% in the 1980s to 72.7% in the 2000s [4] . In addition, HPV causes more than 300,000 cases of genital warts and 820 cases of recurrent respiratory papillomatosis (RRP) annually [2] . The economic burden of HPV-associated disease exceeds that of all other sexually transmitted infections except HIV with the annual direct medical costs for prevention and treatment tallying $8 billion [5, 6] .
Currently three HPV vaccinations are licensed by the Food and Drug Administration (FDA) and recommended by the Advisory Committee on Immunization Practices (ACIP) for protection against specific types of HPV for persons aged 11-26 years [7] . Unfortunately, national uptake percentages among the targeted population of vaccine-eligible individuals show that only 37.6% of females and 13.9% of males aged 13-17 years have received the 3-dose HPV vaccination series suggesting that providers are missing valuable opportunities to strongly recommend HPV vaccination ( Figure 1 ) [8] .
Up to 87% of girls and boys aged 11-17 years have had a missed opportunity for HPV vaccination within the preceding 12 months [9, 10] . The greatest percentage of missed opportunities, 94%, is associated with nonpreventive visits [11] .
The need to encourage stronger provider recommendations for vaccination with the HPV series and utilize effective communication strategies for consumers in order to reduce the number of missed clinical opportunities for HPV vaccination was identified in The President's Cancer Panel Annual Report, 2012-2013 [3] . The American Academy of Pediatrics (AAP) [12] , American Academy of Family Physicians (AAFP), American College of Physicians (ACP), and the American College of Obstetricians and Gynecologists (ACOG) in conjunction with the Immunization Action Coalition and the Centers for Disease Control and Prevention (CDC) also responded by establishing guidelines for education and HPV vaccination. Health People 2020 has set a goal of vaccine series completion for both females and males aged 13-15 years to 80% by the year 2020 [13] . This literature review examines the evidence on the perceived barriers and attitudes of providers towards HPV vaccination, despite the recommendations of many organizations ( Figure 2 ). The review will then provide a comprehensive review of HPV and HPV vaccination and explore strategies that may facilitate an increase in HPV vaccination coverage and subsequent cancer prevention for adolescents. These strategies include the need for providers to utilize every patient encounter to address immunization status, coadministration of HPV vaccination with other routine adolescent vaccinations, the provision of vaccine information that promotes consumer awareness, discussing the need to return for the remaining doses in the HPV series, emphasis on vaccine benefit and cancer prevention, and provider knowledge.
Perceived Barriers to Vaccination among Providers
Healthcare providers have been identified as the most preferred, trusted source for medical information with their recommendation being one of the most important determinants of vaccination. Perceived barriers to vaccination can contribute to a lack of provider recommendation, missed opportunities for vaccination, and low rates of vaccination coverage among adolescents [14] [15] [16] . The barriers are categorized and discussed as follows: knowledge, vaccine safety, cultural, policy, cost, and structural barriers to vaccine [17, 18] .
2.1. Knowledge. Knowledge barriers are significant, as a limited knowledge of HPV, including its prevalence, health implications, and vaccine efficacy, was found among providers and can affect the provider's ability to confidently deliver patient education [18] [19] [20] . A 2010 study identified only 58% of family physicians, and 43% of pediatricians knew that a difference existed among the HPV types that cause genital warts and those that cause cervical cancer [18] . Providers have also noted ineffective interpersonal and communication skills as well as knowledge of strategies for education of hesitant families and vaccine series completion [18, 21] . For example, discussing sexuality prior to recommendation of vaccine was felt necessary in 42% of pediatricians, and 54% of family physicians [18] , whereas others are more comfortable with discussion of sexuality in the older adolescent [18, 19] . With providers serving as influential sources of medical information for patients, the identification of these barriers stresses the need for providers to be knowledgeable of HPV disease and current HPV vaccines and policy recommendations due to the expectation of accurately communicating such information to patients.
Safety.
Providers have reported the need for more safety and efficacy vaccine information in order to recommend the vaccine, although they themselves were not overly concerned with regard to safety. A large number of providers report perceptions of parent concerns for safety as a barrier [18, 19, 22] . Parental fear of side effects and the vaccine being dangerous to their child have been cited in the literature, with higher concern if the child is 9-12 (46.3%) versus 13-18 (41.4) years of age [19, 23] .
2.3. Culture. Cultural barriers for providers and parents include myths contributing to negative perceptions towards HPV vaccination and moral or religious beliefs [19] . A key existing myth is the concern of HPV vaccination encouraging sexual promiscuity [19, 24] . Likewise, the perceived young age of the patient in regard to receiving a vaccine for an infection that may be sexually transmitted was also a providerperceived barrier [19, 24] . Studies have indicated that a range of 50%-89% of providers strongly recommended and administer vaccination for 11-12-year-olds, with most waiting until 13 years or older [18, 19] . Such factors as considering it necessary to discuss sexuality at an early age and parental refusals to vaccinate younger patients were associated with not strongly recommending HPV vaccination to 11-12-yearolds [18] . A provider's own personal estimation of a patient's sexual debut or activity despite their admittedly limited ability to accurately do so often leads to a deprioritization and delay of vaccination or nonvaccination [15] . Other moral or religious beliefs of the parent can delay HPV vaccination [19] . Gender issues also exist, with vaccination more routinely recommended for girls (76%) as compared to boys (46%) regardless of age [18] .
Cost and Policy.
Policy and costs barriers are closely related. Costs associated barriers are frequently reported as a barrier for providers, including concerns of lack of insurance coverage, lack of adequate reimbursement for HPV vaccination, and vaccine purchasing cost [17-19, 24, 25] . In addition, parents' out-of-pocket costs were a concern for providers [17].
National and international policy recommendations for HPV vaccine include the Centers for Disease Control and Prevention (CDC), ACIP, Healthy People 2020, and the World Health Organization (WHO). Each has stated goals and recommendations for vaccination and series completion. However, policy barriers for HPV vaccination can exist at the district, local, or state level. School mandates can be very effective for increasing vaccination coverage for required vaccines [26] ; however a decline in routine preventative visits among adolescents past the 7th grade is a continued problem. While concerns of inconsistent annual and well visits are higher for those working in public clinics, private practice providers cited more parental resistance and hesitancy to young vaccination age and coupling the vaccine with other recommended vaccinations than providers at public clinics [15] . Additional policy related barriers include need for written parental consent and tracking of immunization records, either via paper or through a vaccination registry [27] .
Structural.
Structural barriers include inadequate infrastructure within the primary care setting that can augment the delay in vaccination. Children in the targeted age group are often generally seen for urgent-care appointments and parents are hesitant to vaccinate while they are currently ill, despite no contraindication to vaccination [7, 17, 22] . Providers also report parental vaccine safety concerns and not having adequate time to comprehensively discuss these concerns during visits as a barrier [19, 22] . The three-dose series requires additional return visits, and a lack of scheduled reminders and reminder strategies from the office can lead to parents forgetting to return with their adolescent for subsequent doses [19] . Although alternative sites for vaccine administration have been reported, they are not without their own barriers. One example is the use of school based health centers, which offers the convenience of a health provider while the child is in the school setting. However, there are only approximately 2000 such centers across the US [28] . Pharmacy barriers include a variance in the US state laws ruling the ability of the pharmacist to offer and administer the vaccine. In 80% of the states, pharmacists may provide HPV vaccine only to women 19 years and older, 61% to those of ages 12 years and older, most of which required prior physician approval or standing orders [29] .
Strategies for Breaking Down Barriers
The identified barriers in the literature for providers can be barriers both independent of and dependent on one another. It is important to review the strategies to remove these barriers.
Knowledge of HPV.
Studies have identified that providers, especially pediatricians and family practitioners who are most likely to administer the HPV vaccine to adolescents, would likely benefit from education clarifying which types of cancers the HPV vaccine prevents, the potential health implications associated with type-specific HPV infection, and the protection offered by the vaccine [2] . The following will address the HPV virus: the vaccine, the transmission, and the outcomes of these diseases.
While over 100 HPV types have been identified, 40 types are divided into low-risk or nononcogenic serotypes and high-risk or oncogenic types [5] . Infection with the nononcogenic types, including types 6 and 11, is associated with low-grade cervical cell abnormalities and 90% of genital warts and laryngeal papilloma [5] .
Among the 16 oncogenic types, types 16 and 18 are associated with the majority of HPV-associated cancers while types 31, 33, 45, 52, and 58 are responsible for 15% of cervical cancers [7] . About 91% of anal and cervical cancers, 72% of oropharyngeal cancers, 63% of penile cancers, 75% of vaginal cancers, and 69% of vulvar cancers are associated with HPV [2] . Infection with more than one HPV type at any given time is possible as 5-30% of affected individuals are infected with multiple virus types [5] .
Although most infections with oncogenic HPV resolve within 1-2 years, persistent infection with an oncogenic type is necessary for the development of various HPV-associated cancers [5] . Within 5 years of infection, low-grade cervical intraepithelial neoplasia (CIN 1) may develop and potentially progress to high-grade CIN, CIN2, or CIN3 infection, leading to risk of invasive cervical cancer if left untreated [5] .
Transmission occurs following minor trauma at the basal epithelium as a result of direct skin-to-skin contact during vaginal, anal, or oral sex. However, transmission can occur with nonpenetrative sexual or even nonsexual activity. Prevention of HPV by refraining from any genital contact with others or a long-term mutually monogamous relationship with an uninfected partner is the most reliable way to decrease the likelihood of transmission [5] . Correct and consistent condom use may decrease the possibility of transmission but may not provide complete protection against uncovered areas [5] .
Three noninfectious, recombinant HPV vaccines are available and are prepared from type-specific HPV L1 proteins that produce type-specific virus-like particles (VLPs) [7] (see Table 1 ).
The quadrivalent vaccine, Gardasil, is a mixture of four HPV types, 6, 11, 16, and 18, and accounts for 99% of the HPV doses distributed in the US [1, 10] . The FDA licensed Gardasil in June 2006 for use in females aged 9-26 for prevention of cervical, vaginal, and vulvar premalignant lesions and cancers as well as anogenital warts [1] . Gardasil was later licensed in 2009 and 2010 for use in males aged 9-26 years for prevention of genital warts and the prevention of anal cancer in both males and females [30] . The bivalent vaccine, Cervarix, is a mixture of two HPV type-specific VLPs prepared from the L1 proteins of HPV types 16 and 18 [31] . Licensed in 2009, it is for use only in females aged 10-25 in the US for the prevention of cervical precancers and cancers [30] . In December 2014, the FDA licensed the 9-valent Gardasil 9 expanding coverage of current vaccines with the addition of HPV types 31, 33, 45, 52, and 58 [7] . Gardasil 9 is for use in both sexes and incorporated into the ACIP recommendations for routine HPV vaccination in February 2015 [7] .
Vaccination is considered a prophylactic measure most effective when given prior to HPV exposure [1] . The ACIP recommends vaccination starting at the age of 11-12 with either the quadrivalent, bivalent, or 9-valent vaccine for females and the quadrivalent or 9-valent vaccine for males [7] . The vaccination series is recommended for females of 13-26 and males of 13-21 years of age. Vaccine series completion is recommended through the age of 26 for immunocompromised individuals, men who have sex with men, and individuals who may already have a history of an abnormal pap test or HPV infection. The vaccine may provide additional protection from an HPV type that was not already acquired [1, 7] . Vaccination is not recommended in pregnancy [7] ; however pregnancy testing is not necessary prior to vaccination and no intervention is needed if administered during pregnancy. The vaccine can be coadministered with other nonlive and live vaccines in separate syringes and injection sites [32] . The dosing and administration schedules are the same for all three available vaccines and should be administered in a three-dose schedule at 0 months, 1-2 months, and 6 months [7] . Should the series be delayed or interrupted, it is not necessary to restart the schedule [7] . The ACIP recommends using the same type of HPV vaccine to complete the series to promote optimal vaccine coverage; however if the previous vaccine type is unknown, any available vaccine product can be used for series completion for females and the quadrivalent or 9-valent vaccine in males [7] . The ACIP has not yet deliberated on recommendations for 9-valent HPV vaccination administration in individuals who have completed the 3-dose series of bivalent or quadrivalent HPV 3-dose series.
Safety.
Based on the evidence of clinical trials, HPV vaccination has been shown to be safe [10, 33, 34] . Among the 67 million doses of the quadrivalent vaccine distributed from 2006 to 2014 and 719,000 doses of the bivalent vaccine distributed from 2009 through 2014 in the US, 25,176 adverse events were reported [10] . Common reported adverse events were similar with all three vaccines including local injection site reactions and generalized adverse reactions of headache, fever, syncope, dizziness, and nausea [10, 35] . Higher rates of injection site reactions have occurred with successive doses of 9-valent vaccination [36] . Additional adverse events, albeit rare, have included hospitalizations, pyrexia, allergic reaction, and asthmatic crisis [35] . Studies have found no association of quadrivalent or bivalent vaccination with increased risk for thromboembolic events, clotting dysfunction, anaphylaxis, hospitalizations, or emergency room visits related to autoimmune conditions, Guillain-Barre syndrome, or seizures [34, 37, 38] .
3.3. Culture. Culture supports include guidance in early discussion of the vaccine and personal beliefs in the administration of the HPV vaccine. Formal counseling of patients and parents by providers may utilize either a paternalistic or shared model for HPV vaccination presentation [21] . The paternalistic model includes vaccine recommendation as a routine vaccine while the shared model includes framing the vaccine as optional [21] . The paternalistic approach has demonstrated greater success in patient vaccine acceptance rather than differentiating HPV vaccination as separate from school-mandated vaccines [21] . Providers have noted several personal and profession supports that they consider in their own promotion of the vaccine, the most influential being a personal belief in the positive impact of the vaccine, discussing the benefits of cancer prevention and the importance of adhering to the ACIP's recommendation [24] . Providers also report that the AAP or CDC immunization recommendations are among the most influential factors for vaccine recommendations [19] . The top three HPV vaccine information sources were professional organizations (40.3%), ACIP (31.8%), and medical conferences (28.7%) [39] . Additional credible resources available to healthcare providers include the following: the Immunization Action Coalition, National Network for Immunization Information, The Vaccine Education Center at The Children's Hospital of Philadelphia, and the Institute for Vaccine Safety at the Johns Hopkins Bloomberg School of Public Health.
Providers have identified additional educational interventions for patients and families such as distribution of vaccine-specific vaccine information statements (VIS) available from the CDC or other informational brochures, having pharmaceutical representative present information, and playing health information via a television in waiting rooms as helpful [22] . Providers have found strongly recommending the vaccine as safe and to be given at the age of 11-12 as well as discussing the benefits of cancer prevention often results in a positive parental response and subsequent approval for vaccination [15] .
Cost and Policy.
The cost of HPV vaccines is expensive, averaging $400 for the 3-dose series [3] . The Affordable Care Act (ACA) provisions have improved access to these vaccines, by requiring new group and healthcare plans after September, 2010, and provide no cost ACIP recommended vaccines, including HPV vaccines, to both boys and girls in the targeted age group [40] . The vaccines must be obtained, however, within their provider network [40] . Children covered by Medicaid may receive cost-free HPV vaccines until the age of 19 for males and 20 for females. The providers, however, must be a Vaccine for Children (VFC) provider to be authorized to prescribe vaccines via state laws [40] .
Providers have agreed that school mandates are extremely effective at increasing vaccination rates as providers will generally offer the required school vaccines to all patients and the vaccines are usually accepted [26] . It may be beneficial and perhaps experience less opposition if all states required a 7th grade physical rather than an HPV vaccination mandate. Such a requirement would arrange providers with the opportunity to both encounter adolescents and encourage HPV vaccination at the recommended age for routine vaccination, bundling it with other recommended routine adolescent vaccinations. This strategy may allow for HPV vaccination to be generically presented, avoiding stigmatization associated with the vaccine's indication of preventing an infection that is frequently sexually transmitted [22] .
Structural.
Structural supports are associated with mechanisms to assist with successful HPV vaccine series initiation and completion. Providers report coadministration of HPV vaccination with other adolescent vaccinations to be beneficial in prompting remembrance to offer HPV vaccination [26] . Reminder mechanisms such as scheduling appointments for future doses at the time of the initial dose, giving the patient due date reminder cards, using reminder letters or telephone calls, and a computerized immunization information system for tracking dosage due dates are some strategies utilized to promote vaccine series completion [17, 19] . The mail and phone reminders are often time-consuming and unsuccessful due to invalid addresses or phone numbers [22] . Providers have positively responded to the idea of using text messaging as a means of patient communication but expressed concern related to the reliability and effectiveness of this method [22] . Such simple and low-cost measures emphasizing the importance of vaccine series completion, the need to return to the clinic for future doses, and the ability of patients to correctly identify the number of remaining doses at the time of the first dose have been found to increase series completion [41] . Several professional resources and support tools are available from the CDC and pharmaceutical companies are available for providers to access a complimentary basis to help remind patients to complete the series. For instance, The Outreach Program for Vaccine Series Completion provides postagepaid postcards or recorded telephone reminder calls to the appropriate patients on behalf of providers who have enrolled in the program online. Vaccination reminder cards are also available at no charge [42] . Goal 3 of the President's Cancer Panel Annual Report for 2012-2013 is to "maximize access to HPV vaccination services." [3] . The report states that the vaccine should be available and convenient to where the adolescents receive their healthcare. Although a medical home is the preferred site, the offering of vaccines at alternative sites such as school based health centers and pharmacies has been identified as structural alternatives to vaccine series completion. A review of one school health based system found HPV vaccine completion rates to have a significantly higher ( < 0.001) rate of vaccine completion as compared to those of the community health centers, especially in those with low income and low insurance coverage [43] . School based health centers are often partners with community health centers, and approximately 20% receive funding through the HRSA Health Center Program [28] . These centers often provide services to the medically underserved and provide a trusted and safe environment for the adolescents and may provide a positive alternative to vaccine series completion [43] .
Pharmacies have also been identified as a good resource to increase vaccination rates in adolescents. Pharmacies are easily accessible health professions in the US, especially in rural areas [3] . Additional advantages include longer hours of operation and no need for appointments. It is important for state mandates to develop policies for consistency in the pharmacist's authority to administer the vaccine to the targeted population, adolescents, therefore increasing access to vaccination [29] .
Conclusion
Adolescent HPV vaccination coverage rates have continued to stagger despite current ACIP recommendations for routine vaccination at the age of 11-12 to prevent HPV-associated disease [7, 8] . The estimation that coverage with at least one dose of HPV vaccine could have reached 91.3% in 2013 had these missed opportunities been eliminated shows the critical role health care providers have in optimizing HPV vaccination coverage [10] . Because providers are the gatekeepers to health information, this paper was intended to examine those provider-related factors that may influence current HPV vaccination recommendations including various knowledge, safety, cultural, cost and policy, and structural barriers. Although presented as individual barriers, many overlaps became apparent. In the various strategies addressing these barriers, it is quite evident that cost, policy, and structure are closely related. By increasing access and easing costs to the targeted population and families, it is important for both policy and structure strategies to work together to increase vaccination rates. Improved knowledge of HPV disease, transmission, vaccine safety, and recommendation, as well as the educational resources available for low or no costs, gives the provider the evidence based tools to address many of the cultural barriers identified when presenting vaccine information to parents and adolescents. It is important that all strategies continue to work in harmony to increase HPV vaccination rates in the US.
